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Specification 

1. Title of the Invention 

Liquid crystal display device 

2. Claims 

1. A liquid crystal display device comprising; 

(a) electrode lines disposed as an X-Y matrix, 

(b) a plurality of first three terminal switching devices each having source, drain and 
gate with the gate being connected to the electrode line X and the source being 
connected to the electrode line Y, respectively, and 

plurality of pixel electrodes corresponding to respective first three terminal switching 
devices and a common electrode connected to a liquid driving power source, and 
conducting a matrix display operation based on the drain output of the three terminal 
switching device, wherein 

each of the pixel electrodes is connected by way of the second three terminal 
switching device to the common line, and the drain of the first three terminal switching 
device is connected by way of a signal accumulation capacitor to the gate of the second 
three terminal switching device. 
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3. Detailed Description of the Invention 

(i) Industrial Field of Use 

The present invention concerns a liquid crystal display device capable of 
improving the display lightness and, more in particular, it relates to a liquid crystal 
display device capable of highly fine matrix type liquid crystal display with improved 
display lightness required for projection type display such as highly fine finder display 
of cameras or television sets, 

(ii) Prior Art 

Heretofore, matrix type liquid crystal display devices have been developed as 
display devices utilizing an electro-optic effect of liquid crystals for pixel display The 
liquid crystal display device comprises, basically, a plurality of pixel electrodes 
arranged in a dot-matrix form and a liquid crystal layer for optically modulating an 
incident light in accordance with a voltage applied between each of a plurality of pixel 
electrodes and opposing electrodes opposed thereto. 

As the operation mode of such matrix type liquid crystal type display devices, 
various modes have been developed depending on the kinds of liquid crystals to be 

_ _ - . .a*. sal . . • -1 i ' . 1.1- J? 

and they include, for example, a twisted nematic (TN) mode, a super twisted nematic 
(STN) mode, a guest-host (GH) mode, a dynamic scattering mode (DSM) and a phase 
transition mode. Further, the method of individually controlling respective display 
pixels each comprising the liquid crystal layer and the pixel electrode includes, for 
example, (1) a simple matrix system, (2) a multiple matrix system, (3) a system of 
adding a non-linear two terminal device (for example, diode), and (4) a method of 
adding a three terminal switching device (for example, thin film transistor (TFT)). 

By the way, among the operation modes and the display systems, a combination 

2 




2-272521 



of the TN mode and the TFT active matrix system has been used generally at present. 
This is because they have various advantages in that [I] a high display contrast can be 
obtained easily at a low voltage, [II] the impedance of the liquid crystal layer is high 
and the charge holding function is high, and [III] the optical characteristics are 
panchromatic and full color display can be conducted easily in combination with a color 
filter. 

However, in the liquid crystal display device of such a combination, since the 
TN mode is utilized, it is essential to combine the same with a pair of linear 
polarization filters, it leaves a theoretical problem that the efficiency for utilizing the 
incident light is reduced to about 35% by merely passing through the polarization 
filters to lower the display lightness. Such a low utilization efficiency of about 35% is 
attributable to the reduction of efficiency by 50% caused by taking out a plane of 
polarization in one direction out of natural light and, in addition, presence of reduction 
caused by the absorption (about 10%) in the polarization filter and the surface 

reflection (about 5%). 

Accordingly, if light can be modulated and controlled without using the 
polarization filters, it is possible, in principle, to improve the lightness of the display by 

As the operation mode without using the polarization filters, there are 
specifically known, for example, the dynamic scattering mode (DSM), [G. H. Heilmeier 
et al.: Proc IEEE Sfi 1162(1968)], the White-Taylor type GH mode (D. L. White et aL: J. 
Appl. Phys. 45 4718(1974)), or the cholesteric-nematic phase transition mode [J. J. 
Mysocki et al.: Proc. SID 13/2 115(1980)] as described previously, 
(iii) Subject to be Solved by the Invention 

However, among the modes described above, the cholesteric - nematic phase 
transition mode, in particular, is not suitable for conducting motion picture or full color 
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display that will be required in feature display since the response speed is low and half 
tone display is difficult. 

Further, for the DSM and White Tailor type GH modes, experiments have 
been tried specifically in combination of them with a TFT active matrix LCD. For 
example, a case for the DSM is described in [Yuyama et al. National Tech. Rep. 25 
500(1979)] or [K. Kasahara et al. 1980 Biennual Display Research Conference 96p. 
(1980)] and, further, a report has been given for the White-Taylor type GH mode in [S. 
Morozumi et al.: SID symposium Digest P. 278 (1985)]. 

However, they involve the basic problems as described below and have not yet 
been actually put to practical use still at present. 

That is, referring at first to the DSM, since a current above a certain level has 
to flow in the liquid crystal layer in view of the operation principle, ionic impurities are 
added in the liquid crystal layer (Funada, et al, Sharp Technical Report 12 65 (1973)]. 
However, if the specific resistivity of the liquid crystal layer is excessively lowered by 
the addition of the impurities, charges applied to each of the pixels are discharged 
externally through the liquid crystal layer in the conventional structure of disposing a 
TFT at each intersection of X-Y matrix electrodes as shown in Fig. 2, to result in a 

j _! _i j_ _ j_ ^£»_ ^J i ii a j _ ii j j i i t_ : 

the above, since the dielectric constant of the liquid crystal layer is generally about 5 to 
10, it is required to keep the specific resistivity thereof to 10 u Qcm or higher. 
However, undesired effects by electric discharge are not negligible also in a case of 
using a liquid crystal layer of such a specific resistivity and, in particular, the trend is 
remarkable at high temperature to cause a fetal defect in an application use such as 
projection display that undergoes an intense irradiation of a light source. 

In the GH mode, on the other hand, ionic impurities are not necessary in view 
of the display principle, but the ionic impurities are mixed inevitably by the addition of 
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a dichronic dye for light absorption to result in increase of the conductivity (lowering of 
the specific resistivity) of the liquid crystal layer, which actually lowers the charge 
holding function. Then, the trend is also remarkable particularly at high temperature 
(above room temperature). 

In this regard, it may be considered to prevent the lowers of the charge holding 
function by the electric discharge as much as possible, by disposing as shown in Fig. 3, 
a so-called signal accumulation capacitor (C x ) between a TFT and a liquid crystal 
display element (C^ and making the capacity of the capacitor (C x ) larger to improve the 
charge holding function. 

However, even by the use of such a signal accumulation capacitor, there is a 
limit, in principle, for preventing lowering of the charge holding function. Further, in 
a highly integrated matrix display device, provision of the signal accumulation 
capacitor of a sufficient electric capacity to each of a plurality of TFT(s) increases a load 
on a source driver, a source pass line or a first switching TFT, and it is difficult in view 
of restriction of area or manufacturing technique. 

The present invention has been accomplished in view of the foregoing 
situations and it intends to provide a novel TFT active matrix type liquid crystal 

j* i ji .! - _ r j_* j i 3 „.cr .i-T — 4-Z 

by discharges even in a case of using a liquid crystal layer with low specific resistivity 
and thereby capable of attaining a high display lightness without using polarization 
filters. 

(iv) Means for the Solution of the Subject 

Thus, in accordance with the present invention, there is provided a liquid 
crystal display device comprising; (a) electrode lines disposed as an X-Y matrix, (b) a 
plurality of first three terminal switching devices each having source, drain and gate 
with the gate being connected to the electrode line X and the source being connected to 
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the electrode line Y respectively, and (c) liquid crystal display elements having a liquid 



crystal layer disposed between a plurality of pixel electrodes corresponding to 
respective first three terminal switching devices and a common electrode connected to 
a liquid driving power source, and conducting a matrix display operation based on the 
drain output of the three terminal switching device, wherein (d) each of the pixel 
electrodes is connected by way of the second three terminal switching device to the 
common line, and the drain line of the first three terminal switching device is 
connected by way of a signal accumulation capacitor to the gate of the second three 
terminal switching device. 

The liquid crystal display device according to the present invention is most 
effective in a case combined with an operation mode such as the DSM, GH mode or 
cholesteric-nematic phase transition mode, which does not use polarization filters but 
uses a liquid crystal layer of low specific resistivity containing ionic impurities for 
utilizing the liquid crystal electro-optical effect thereof for light absorption or light 
scattering characteristics to the display, and a combination with a projection type 
liquid crystal display device is a further preferred embodiment. 

In particular, according to the device of the present invention, undesired effects 



using a liquid crystal layer of higher conductivity than usual and particularly, a liquid 
crystal layer of low specific resistivity of 10 11 S2cm or lower, so that the various 
operations such as the DSM, the GH mode and the phase transition mode described 
previously in the active matrix driving can be combined more effectively and reliably. 
Accordingly, in the device of the present invention, it is a preferred embodiment of 
using a liquid crystal layer of low specific gravity of 10 u Qcm or lower. 

For example, in a case of applying the DSM, a mixed liquid crystal composition 
containing a nematic compound having neutral or weakly positive dielectric anisotropy 
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or weakly negative dielectric anisotropy, for example: 



X X 

RO-®-C OO-©-0 B' 
/ \ 
X X 



(where R, R' each independently represents a C 3 -C 8 alkyl group: X represents a 
hydrogen atom or a fluorine atom), and having a negative dielectric anisotropy and a 
positive conductive anisotropy as an entire system is used, and a compound, for 
example, of: 



NO 



NO 



©-COOH 



Ri 

♦ / 
n-C.H.—.-N 

l\R. 
H 



NO 



00C 




\ 



(where m is an integer of 1 to 16, and R x and R 2 each represents a hydrogen atom, a 
methyl group or a benzyl group) (Minesaki et al.: Society of Applied Physics, Spring 
Lecture Meeting (1979), 30P-B-13) can be used suitably as the ionic impurities to be 

J *J *\ J 



In a case of the white tailor type GH mode, those comprising a cholesteric liquid 
crystal compound having a positive dielectric anisotropy, or a nematic liquid crystal 
compound having a positive dielectric anisotropy and an optical active compound can 
be mentioned. In this mode, the following azo dye: 



C . H tH©>-N ■» N -<0>- N - N-O - N 



/\ 



V 



or anthraquinone dye is used generally as the dichroic dye as described in the 
literature by T. Uchida [T. Uchida et al.: Mol. Cryst and Liq. Cryst. £3 19(1981)], but 
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fluorescent dyes such as cumarin type dyes and like other dyes are also applicable in 
addition to the dyes described above. 

As the materials for the electrode lines in the device of the present invention, 
uouai vvirmg materials sucn as IxU, ni, n, vv, mo, v^r, p-^un ) can De used, and 
insulation films such as made of SiO x , SiN x , Ta 2 0 5 or A1 2 0 3 can be used for the 
intersections of the electrode line to prevent short-circuit. 

AtEin film transistor (TFT) is, for example, suitable as the first and the second 
three terminal switching devices of the present invention, and a capacitor element used 
in usual active matrix systems can also be applied as the signal accumulation capacitor. 
For example, as the first and the second three terminal switching devices, a TFT 
comprising, for example, a-Si, p-Si, Si crystal, CdSe, GaAs and GaP can be used. 
Further, a so-called MOS type transistor array using an Si substrate is also applicable 
as a reflection type device. As the signal accumulation capacitor, those formed by 
using the same conductor as the wiring material described above for the electrodes and 
the same material as the intersection insulation material for the insulator are suitable. 
However, it is not always necessary that the signal accumulation capacitor is disposed 
as a device different from the three terminal switching device, but it may be formed by 



device, namely, by utilizing the stray capacitance thereof. 

For example, the TFT described above can be formed in accordance with the 
method as described in JP-A-58- 147069. 

Further, for the pixel electrodes and the common electrodes constituting the 
display section, a transparent electrode (ITO or In 2 0 3 -Sn0 2 dual film) is used to at least 
one of them, and a metal electrode such as made of Al or Au is used for the other of 
them in a case of a so-called reflection type display device. 

As the liquid crystal driving source, an AC power source is usually suitable but 
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a DC power source can also be used depending on the case, 
(v) Function 

By the drain output from the first three terminal switching device selected by 
the electrode lines X and Y, [I] electric charges are accumulated in the signal 
accumulation capacitor, and [II] a voltage is applied to the gate of the second three 
terminal switching device to establish a closed circuit and apply a voltage from the 
liquid crystal driving power source to the corresponding pixel electrode portion in the 
liquid crystal display section thereby conducting display operation. 

In this case, since the electrode lines X and Y are selected by scanning under a 
constant short frame frequency, the output period of the first three terminal switching 
device is extremely short with respect to one pixel electrode. 

However, since the signal accumulation capacitor is provided, a voltage is 
applied to the gate of the second three terminal switching device for certain period also 
after the first three terminal switching device have been turned OFF whereby the ON 
state is kept. Then, since the charges accumulated in the signal accumulation 
capacitor are disconnected by way of the second three terminal switching device from 
the liquid crystal display section, consumption due to discharge is not caused 

i . . • 11 i j i i _ l l .11 j_j 1 _ _ 1 j Jl _ J 3 * xT_ xl : 4- 

On the other hand, in the state where the ON state of the second three terminal 
switching device is kept, since charges are supplied continuously from the liquid 
crystal driving power source even if discharge is caused in the liquid crystal layer, no 
undesired effects by the discharge are caused. 

Accordingly, if a liquid crystal layer of low specific resistivity, particularly, of 
10 u Qcm or lower is used, the matrix display operation of the liquid crystal is ensured 
and as a result, a matrix display at a high display lightness can be conducted by 
applying the DSM, GH mode, phase transition mode or the like. Particularly, in the 
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DSM liquid crystals, it is preferred to use a liquid crystal at a specific resistivity of 10 11 
Qcm or lower for preventing flicker or in view of high speed operation, 
(vi) Example 

Fig. 1 is an equivalent circuit diagram showing a constitution for one display 
unit of a matrix in a matrix type liquid crystal display device as an example of the 
present invention. 

In the drawings, X u X 2 , represent data signal pass lines (electrode lines X) 

in the X-Y matrix electrodes and Y u Y 2 represent scanning signal pass lines 

(electrode lines Y) thereof, respectively, in which intersections of them(address) are 
isolated by an insulation film. A first thin film transistor (TFT t ) is disposed to the 
vicinity of each intersection and the gate thereof is connected to the electrode line Y 
(Y x ) and the source thereof is connected to the electrode line X (XJ, respectively. Then, 
as shown in the figure, the drain line of the TFT X is connected to the gate of the second 
thin film transistor (TFT 2 ) and a capacitor (Cj) as a signal accumulation capacitor is 
connected to the midway thereof. 

On the other hand, the source of the TFT 2 is connected to one of pixel electrodes 
(a) in the liquid crystal display element (Co) in which a liquid crystal layer is disposed 

common electrode (b) is connected to the liquid crystal driving AC power source (V c ). 

In the drawing, E represents a grounding line, which is connected to one end of 
the capacitor (C x ) and the drain of the TFT 2 

In the liquid crystal display device of the example, the TFT t serves as a three 
terminal switching device for driving the TFT 2 , and the TFT 2 serves as a three terminal 
switching device for applying a liquid crystal driving AC voltage to the liquid crystal 
layer at a predetermined position of the liquid crystal display element (Co) (a sort of a 
buffer transistor). Further, the capacitor (C x ) serves as a signal accumulation 
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capacitor for keeping the ON state of the TFT 2 for a predetermined period of time even 
after the TFT! has been turned to the OFF state. 

In this constitution, since the capacitor is connected to the gate of a high 
impedance TFT 2 but not connected directly to the liquid crystal display element (C^, it 
is less discharging and charges accumulated therein act to keep the TFT 2 at the ON 
state for a longer time compared with the prior art even after the TFT X has been turned 
to the OFF state. — ~ ~ 

Accordingly, also in a case of using a liquid crystal layer with low specific 
resistivity and easily discharging, it is possible to prevent the phenomenon that the 
TFT 2 is turned OFF by discharge within a shorter period of time than the required time 
(frame frequency period), so that desired matrix display operation of the liquid crystal 
can be conducted. 

A DSM projection type active matrix liquid crystal display device without using 
polarization filters was constituted under the following conditions by adopting the 
circuit constitution described above. 

1) Liquid crystal display method : projection type 

2) Light source : metal halide lamp 

ON Ti 1 _i . on. n 

4) Number of panel pixels : 240 x 384 dots 

5) Panel substrate : Corning 7059 glass l.lt 

6) TFT 1( TFT 2 : amorphous silicon TFT; 

gate material: Ta, gate oxide film: Ta 2 O s /SiN x , 

semiconductor material: a-Si by P-CVD, 

source drain material: n + a-Si/Ti laminate layer film 

7) C x : Ta/Ta 2 O s * SiN/Ti 

8) C 2 : ITO/liquid crystal/ITO 
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(7jum plastic beads spacer, used for 
liquid crystal layer thickness) 

9) Liquid crystal layer: mixed liquid crystal comprising: 

10) Ionic impurity : C.H^rKCCHO. OOC©^ O.s ti/fc 

11) Driving AC voltage: 60 Hz rectangular wave; 15Vrms 

The specific resistivity of the liquid crystal layer was 10 9 Qm. 

When display was conducted on a screen by the liquid crystal display device 
described above, it was possible to obtain display at a brightness about twice as high as 
the existent TN mode (100 fL) (compared in a white display state) by using an identical 
light source. 

(vii) Effect of the Invention 

According to the liquid crystal display device of the present invention, 
application of the voltage to the liquid crystal layer can be ensured in view of time and 
an intended liquid crystal matrix display can be conducted even in a case of using a 
liquid crystal layer of low specific resistivity and having no substantial charge holding 
funr.tinn. 

Accordingly, it is possible to conduct an active matrix display at an ideally high 
display lightness by adopting the DSM, the white tailor type GH mode or the like 
capable of gradation display, high contrast display and high speed response display 
without using polarization filters as the electro-optic mode of the liquid crystal. 

Then, the liquid crystal display device of the present invention is particularly 
effective as a light bulb for a projection type display device requiring to satisfy a high 
temperature operation and a high light utilizing efficiency together, but it can be 
utilized effectively also to highly fine display for outdoor use, for example, VTR 
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monitors, LCTV and view finders, as well as it is also suitable to the application for 
vehicle mounted or aircraft display. Furthermore, it is applicable not only to the 
transmission type but also to the reflection type display device. 

4. Brief Description of the Drawings 

Fig. 1 is an equivalent circuit diagram of one display unit in a liquid crystal 
display device of an example according to the present invention, Fig. 2 and Fig. 3 are 
views corresponding to Fig. 1 showing one display unit of a conventional liquid crystal 
display device. 

X 1? X 2 ... electrode line X 

Y lf Y 2 ... electrode line Y 

TFT X ... first thin film transistor 

TFT 2 ... second thin film transistor 

C x ... capacitor (signal accumulation capacitor) 

C 2 ... liquid crystal display element 

a ... pixel voltage 

V c ... AC power source 
E ... common line 
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